The oncogenic potential of HTLV-1 Tax protein is partially ascribed to its capacity to activate NF-jB. The current view is that Tax acts first in the cytoplasm to dissociate NF-jB factors from the IjB proteins and enable their nuclear translocation, then Tax links p65(RelA), within the nucleus, to CBP/p300 and P/ CAF, which are essential for its optimal transcriptional activity. Our present study challenges the paradigm that Tax-p65(RelA)-CBP/p300 assembly occurs in the nucleus. Using Tax mutants defective for nuclear localization we show that at low levels these mutants induce the nuclear translocation of NF-jB factors but not their transcriptional activity, whereas at high levels they trap CBP and free p65(RelA) in the cytoplasm and block, thereby, their transcriptional function. In contrast, wildtype (w.t.) Tax strongly stimulated NF-jB-dependent gene expression in all tested experimental settings. These data suggest that the Tax-p65(RelA)-CBP ternary complex is established in the cytoplasm rather than in the nucleus. When this complex is formed with w.t. Tax, the entire moiety translocates into the nucleus and exerts high transcriptional activity. However, if the complex is formed with the cytoplasmic Tax mutants, the resulting moiety is retained in the cytoplasm and is, therefore, devoid of transcriptional activity.
Introduction
Human T-cell leukemia virus type-1 (HTLV-1) is the etiological agent of adult T-cell leukemia (ATL) and certain other clinical disorders (Matsuoka, 2003; Azran et al., 2004; Jeang et al., 2004) . The viral Tax protein, originally discovered as a transactivator of HTLV-1 gene expression (Seiki et al., 1986; Brady et al., 1987; Azran et al., 2004) , is capable of modulating the synthesis and/or function of a wide variety of cellular factors that influence gene expression (Yoshida, 1994 (Yoshida, , 2001 Jeang, 2001; Azran et al., 2004) , DNA repair (Majone et al., 1993; Miyake et al., 1999; Majone and Jeang, 2000; Marriott et al., 2002; Azran et al., 2004; Jeang et al., 1990 Jeang et al., , 2004 , cell cycle and apoptosis (Low et al., 1997; Yoshida, 1997; Torgeman et al., 2001a; Neuveut and Jeang, 2002; Azran et al., 2004; Jeang et al., 2004) . Tax also acts as an oncogene capable of transforming rodent cells, immortalizing primary human T-cells and inducing tumors in transgenic mice (Azran et al., 2004; Jeang et al., 2004) . Therefore, Tax is widely regarded as playing a key role in initiating the leukemogenic process of ATL (Yasunaga and Matsuoka, 2003) .
The oncogenic potential of Tax is partly ascribed to its activation of NF-kB transcription factors (Yoshida, 1994 (Yoshida, , 2001 Yamaoka et al., 1996; Inoue et al., 1998; Jeang, 2001; Azran et al., 2004) which regulate numerous cellular genes associated with diverse central biological processes (Pahl, 1999; Jeang, 2001; Yamamoto and Gaynor, 2001; Karin and Lin, 2002; Wang et al., 2002; Kucharczak et al., 2003; Azran et al., 2004) . The NF-kB family includes the p50(NF-kB1), p52(NF-kB2), p65(RelA), RelB and c-Rel factors that share a common Rel homology domain (RHD), which is involved in their dimerization, DNA binding and nuclear localization. These factors form various combinations of homo-and heterodimers which display distinct specificities and act in response to a wide range of signaling stimuli (Karin, 1999; Pahl, 1999; Silverman and Maniatis, 2001) .
In nonactivated state, NF-kB dimers are kept in the cytoplasm by inhibitory proteins comprising the IkB family, which includes the IkBa, IkBb, IkBg, IkBe, p105 and p100 proteins. These proteins bind to the RHD of the NF-kB factors and mask their nuclear localization signal (NLS) (Beg et al., 1992) . NF-kB activation is envisioned to proceed in two phases, a cytoplasmic and a nuclear phase. The cytoplasmic phase includes phosphorylation of IkBa on serine32 and serine36 and of IkBb on serine19 and serine23, which is followed by their ubiquitination and subsequent proteosomal degradation. In this manner, the sequestered NF-kB dimers are released to translocate into the nucleus (Whiteside and Israel, 1997; Karin, 1999) . IkB phosphorylation is carried out by an IkB kinase (IKK) complex comprised of two catalytic subunits, IKKa and IKKb, and a regulatory subunit, IKKg, which is also called NF-kB essential modulator (NEMO) (Zandi et al., 1997; Karin, 1999; Li et al., 2001) . The phosphorylating function of IKK is activated by upstream kinases such as the mitogen-activated protein kinase/extracellular signalregulated kinase kinase 1 (MEKK1), the NF-kB inducing kinase (NIK) and several other kinases that phosphorylate the catalytic subunits IKKa and IKKb at specific serine residues (Lee et al., 1998; Ling et al., 1998; Nakano et al., 1998) . In the nucleus, the NF-kBs undergo several post-translational modifications that regulate their transcriptional competence. For instance, the nuclear p65(RelA) binds the CBP/p300 and P/CAF co-activators which are essential for its optimal transcriptional activity (Gerritsen et al., 1997; Sheppard et al., 1999) . This binding depends on phosphorylation of p65(RelA) at specific serine residues by protein kinase A or certain other signal-activated serine kinases (Zhong et al., 1998 (Zhong et al., , 2002 Wang et al., 2000; Duran et al., 2003; Catley et al., 2004) . Transcriptional activity of p65(RelA) is also regulated by its acetylation and deacetylation (Chen and Greene, 2003) .
In contrast to their transient activation by external signals, NF-kB factors are constitutively activated in HTLV-1-infected cells by the viral Tax protein in several ways: (1) Tax associates with the IKK complex through the IKKg/NEMO subunit on one hand and on the other hand it binds also to the upstream kinases, MEKK1 and NIK (Uhlik et al., 1998) , and activates their kinase activity. Through such bridging Tax recruits these activated kinases to phosphorylate and activate the IKKa and IKKb catalytic subunits independently of external signals (Harhaj and Sun, 1999; Jin et al., 1999; Iha et al., 2003) . (2) Tax can bind directly to IKKa and IKKb and activate their kinase activity independently of upstream kinases (Chu et al., 1998) . (3) Tax can bind directly to the IkBs and induce their degradation independently of their phosphorylation by IKK Suzuki et al., 1995) . Moreover, Tax is also claimed to interact with members of the NF-kB family within the nucleus. Nuclear Tax has been found in transcriptional structures containing the NF-kB p50 and p65(RelA) proteins (Bex et al., 1997) . Other studies have shown that Tax physically binds to p65(RelA), c-Rel , p50 (Hirai et al., 1992; Suzuki et al., 1993) and p52 and enhances their dimerization (Petropoulos et al., 1996) , which is required for their DNA binding. In addition, Tax utilizes its capacity of binding to both the NF-kB and the CBP/p300 and P/CAF proteins to stimulate the NF-kB transcriptional activity by linking these coactivators to p65(RelA) independently of its phosphorylation .
In this study, we reassessed the actual subcellular site for the physical interactions between Tax, NF-kB and CBP/p300. Using two different mutants of Tax lacking nuclear localization capacity (referred to as cytoplasmic Tax mutants), our experiments provide strong evidence that, contrary to the currently accepted view, the ternary Tax-p65(RelA)-CBP/p300 complex is formed in the cytoplasm rather than in the nucleus. This was demonstrated by showing that such a complex can be formed with each of the cytoplasmic Tax mutants. We illustrate here that when such a ternary complex is formed with the cytoplasmic Tax mutants the complex is retained in the cytoplasm and is, therefore, devoid of transcriptional activity. However, if this ternary complex is formed with wild type (w.t.) Tax, the entire moiety moves into the nucleus and exerts a potent transcriptional activity.
Results
Effect of ectopically expressed CBP and PKAc on Tax-induced activation of NF-kB-and CREB-dependent gene expression
As noted before, the transcriptional activity of p65(RelA) depends on its binding to CBP/p300 and P/ CAF co-activators which requires phosphorylation of p65(RelA) by protein kinase A or certain other serine kinases. On the other hand, CBP/p300 and P/CAF can be linked to p65(RelA) by Tax independently of these kinases. It was, therefore, of interest to decipher how ectopically expressed CBP and PKAc would influence the activation of NF-kB-dependent gene expression by Tax. For this purpose, the reporter NF-kB-Luc was transfected into Jurkat cells alone (control) or together with the indicated combinations of plasmids expressing PKAc, CBP and w.t.Tax. Figure 1a shows that, in the absence of Tax, neither PKAc nor CBP had a significant effect on the reporter expression when introduced into the cells separately. However, together they exerted a slight but distinct stimulatory effect. These results are consistent with a hypothesis that increasing the nuclear level of CBP enhances its binding to the basal nuclear p65(RelA), but this binding depends on phosphorylation of p65(RelA), which can be accomplished by elevating PKA activity above its basal level. Tax alone displayed a profound stimulation of the reporter expression and PKAc enhanced this stimulation slightly further. CBP, on the other hand, increased the Taxinduced stimulation by more than two-fold, suggesting that the cellular endogenous CBP pool was a limiting factor for Tax to exhibit its full capacity of activating NF-kB-dependent gene expression under these particular experimental conditions. Strikingly, when Tax and PKAc were expressed together in the context of ectopically elevated CBP, they displayed strong synergistic stimulation of the reporter. This synergistic effect suggests that the PKAc-and Tax-mediated processes of linking CBP to p65(RelA) are unaffected by each other, so that if the level of nuclear CBP is sufficiently high, they can both act simultaneously to link CBP at two discrete sites on the same p65(RelA) molecule and render it transcriptionally much more potent.
PKA and CBP/p300 are also involved in activation of CREB-dependent gene expression (Azran et al., 2004) . It was, therefore, of interest to test, for comparison, their effect on Tax-induced activation of CREBdependent gene expression too. For this purpose, we repeated the same experiment, except that HTLV-1 LTR-Luc replaced the NF-kB-Luc reporter. Figure 1b shows that the influence of ectopically expressed PKAc and CBP on HTLV-1 LTR-Luc activation by Tax was qualitatively similar to that exerted on the NF-kB-Luc reporter.
To assess the specificity of these Tax effects, we examined also the effect of the TaxM47 mutant (Smith and Green, 1990) , which can activate NF-kB but not CREB and the TaxM22 (Smith and Green, 1990) and TaxM148 (Bex et al., 1997) mutants, which can activate CREB but not NF-kB. As expected, the NF-kB-Luc reporter was stimulated by TaxM47 but not by TaxM22 nor TaxM148 (see the inset in Figure 1a) , whereas the HTLV-1 LTR-Luc reporter was activated by TaxM22 and TaxM148 but not by TaxM47 (see inset in Figure 1b ).
To verify that the different effects of these Tax variants did not result from their different expression level, cells were transfected with equal doses (3 mg) of the respective plasmids. Their protein level was measured by Western blotting with anti-Tax antibodies in whole-cell lysates prepared 24 h after transfection. Figure 1c shows the protein level of these, as well as of the other Tax variants employed in the subsequent experiments (TaxD58, TaxF-1 and Tax-flag). These results demonstrate that all the tested plasmids displayed comparable expression of their encoded Tax variant.
Effect of TaxD58 and TaxF-1 mutants on activation of NF-kB-dependent gene expression by w.t. Tax
In contrast to the high stimulatory effect of w.t. Tax on NF-kB-dependent gene expression shown above, we have previously provided evidence that the cytoplasmic mutants TaxD58 (Gitlin et al., 1991; Torgeman et al., 2001a) and TaxF-1 (Bex et al., 1997) can only induce the nuclear localization of NF-kBs but not their transcriptional activity (Tabakin-Fix et al., 2004) . In addition, earlier studies (Gitlin et al., 1991) have shown that TaxD58 acts as a dominant-negative effector by dimerizing with the w.t.Tax molecules and trapping them in the cytoplasm. Taking advantage of these characteristics of TaxD58, we examined its effect on w.t. Tax-mediated NF-kB activation, by co-transfecting the NF-kB-Luc reporter with a fixed amount of w.t.Tax plasmid (3 mg) and increasing doses of TaxD58 plasmid. Figure 2a shows that at all tested doses, TaxD58 alone displayed a marginal effect on the reporter although the expression efficiency of this mutant was comparable to that of the w.t.Tax (see Figure 1c) . However, in the presence of w.t.Tax, this mutant elicited a dosedependent bimodal effect. At low doses TaxD58 strongly enhanced the stimulation of the reporter expression, whereas at higher doses it displayed a progressive inhibitory effect. Figure 2a shows that a similar bimodal effect was exerted also by the other cytoplasmic mutant, TaxF-1, whose expression efficiency was similarly comparable to that of the other Tax variants (see Figure 1c ). Introducing a plasmid expressing the dominant-negative mutant of IkBa (IkBam) diminished the reporter activation in all experimental combinations (Figure 2a ), thus verifying that this activation was mediated by NF-kB rather than being a nonspecific artifact. The pRL-renilla plasmid (1 mg) was included in each transfection mixture of this and all subsequent experiments for assessing transfection efficiency. The enzymatic activities were measured 24 h after transfection and the luciferase activity of each transfection was normalized to its corresponding renilla activity and presented as fold of the control. The results are the averages of triplicates7s.e. To assess the specificity of these results, the effect of the indicated Tax variants on the expression of the NF-kB-Luc (inset in (a)) and HTLV-1 LTR-Luc (inset in (b)) was examined. The expression of the various Tax variants employed in this study was assessed in the experiment shown in panel c. Equal amounts of the respective plasmids (3 mg) were transfected into Jurkat cells and the protein level of the different Tax variants was measured 24 h after transfection in equal aliquots of the whole-cell lysates (50 mg protein) by Western blot analysis with anti-Tax monoclonal antibody. Equal loading of the different sample was assessed by analysis of the blots with anti-actin antibody Effect of HTLV-1 cytoplasmic Tax mutants on NF-jB I Azran et al A possible explanation for this dual effect is that while both mutants might induce a dose-dependent transport of increasing amounts of free NF-kB into the nucleus, their low level was insufficient for efficient inhibition of the nuclear localization of w.t.Tax. If this presumption is correct, then it could be postulated that under such conditions a sufficient fraction of the transfected w.t. Tax could still translocate into the nucleus and activate therein the transcriptional competence of a larger pool of nuclear NF-kB, which was created by the additive cytoplasmic actions of the w.t.Tax and the employed Tax mutant. On the other hand, higher doses of these Tax mutants could, probably, more efficiently trap increasing fractions of the w.t. Tax in the cytoplasm and consequently reduce the amount of nuclear w.t. Tax that could activate the reporter expression despite the putative increase in the nuclear pool of NF-kB. To test this possibility, w.t. Tax was transfected either alone or together with the indicated doses of the cytoplasmic Tax mutants and 24 h later the cytoplasmic and nuclear fractions of the cells were subjected to Western blotting with monoclonal anti-Tax antibody. The results shown in Figure 2b confirm that low doses of these mutants had marginal effect on the nuclear accumulation of w.t. Tax protein, whereas at higher doses they progressively reduced this accumulation.
To confirm that the effect of the Tax mutants on the nuclear translocation of w.t. Tax resulted from heterodimerization between the wild-type and the mutant Tax variants, we employed a plasmid expressing w.t.Tax tagged with flag (referred to as Tax-flag). The expression of this Tax variant ( Figure 1c ) and its effect on the expression of NF-kB-Luc and HTLV-1 LTR-Luc (data not shown) were comparable to those of the untagged w.t.Tax. Cells were transfected with a fixed amount (3 mg) Tax-flag, either alone or together with the indicated doses of the plasmids expressing the Tax mutants. Aliquots of the cytoplasmic and nuclear fractions of the transfected cells were immunoprecipitated with rabbit anti-flag antibody and the immunoprecipitates were dissociated and subjected to Western blotting with mouse anti-flag or anti-Tax antibody. The results of this experiment are illustrated in Figure 2c . The analyses with both antibodies showed that the cytoplasmic immunoprecipitate of the cells transfected with Tax-flag alone contained a small amount of Taxflag, whereas a much larger amount of this protein was detected in the nuclear immunoprecipitate of these cells. Quite similar results were obtained with the cytoplasmic and nuclear immunoprecipitates of the cells transfected We have previously shown that ectopically expressed PKAc and CBP can stimulate the transcriptional activity of the NF-kB released from IkB by low doses of cytoplasmic Tax mutants (Tabakin-Fix et al., 2004) . We employed this strategy to clarify whether, indeed, increasing doses of the Tax mutants could proportionally elevate the nuclear pool of NF-kB as postulated above. Figure 3a shows that in the absence of any Tax variant the combination of PKAc and CBP stimulated the reporter expression by approximately threefold of control, whereas in the presence of low doses of either of the cytoplasmic Tax mutants this combination elevated reporter expression to a level comparable to that induced by w.t.Tax alone (shown in Figures 1 and 2a) . However, in contrast to our prediction, increased doses of these mutants gradually reduced the reporter expression towards its basal level. It can be argued that the high doses of the cytoplasmic Tax mutants prevented the nuclear translocation of NFkB factors by interfering with their release from the IkBs. Since the final steps leading to this release involve phosphorylation of IkB and its subsequent proteosomal degradation, we investigated the effect of both Tax mutants on these two steps. For this purpose cells were transfected with increasing doses of each of these mutants and then incubated for 24 h in the presence or absence of the proteosome inhibitor MG132 (1 mM), after which their cytoplasmic fractions were subjected to Western blotting with anti-phosphor-IkBa antibody. For comparison, we examined also the cytoplasmic fraction of w.t.Tax-transfected cells. The results illustrated in Figure 3b show that, in the presence of MG132, both mutants induced a dose-dependent accumulation of phosphorylated IkBa, whereas no significant accumulation occurred in the absence of this inhibitor. MG312 did not induce such accumulation in untransfected cells. Hence, these data exclude the possibility that high doses of the Tax mutants interfere Figure 3 Effect of the cytoplasmic Tax mutants on NF-kB activation by CBP and on its subcellular distribution. (a) The NFkB-Luc reporter was transfected either alone (control) or in the presence of the plasmids expressing CBP-HA (9 mg) and PKAc (6 mg) and increasing doses of the TaxD58 (m) or TaxF-1 (). These cytoplasmic Tax mutants (n and J, respectively) were transfected also in the absence of CBP-HA and PKAc. The reporter expression was determined as in Figure 1 . (b) To examine the effect of w.t. Tax and its cytoplasmic mutants on IkBa phosphorylation and its proteosomal degradation cells were transfected with the indicated Tax variants and incubated for 24 h in the presence or absence of the proteosome inhibitor MG132 (1 mM) and then their cytoplasmic fractions were subjected to Western blot analysis with antiphosphorylated IkBa antibody. (c) To determine the effect of the Tax mutants on the subcellular distribution of CBP, the indicated combination of CBP-HA and the different Tax variants were transfected by the SuperFect kit as described in the Materials and methods section. The cytoplasmic and nuclear extracts (100 mg protein) of the transfected cells were subjected to Western blot analysis with monoclonal antibody against the HA epitope. Equal loading of the various samples was assessed as in Figure 2b Effect of HTLV-1 cytoplasmic Tax mutants on NF-jB I Azran et al with either the phosphorylation or the proteosomal degradation of IkB.
Another possibility is that the high doses of the cytoplasmic Tax mutants trap in the cytoplasm not only the w.t. Tax protein, but perhaps CBP is sequestered as well. To investigate this option the cells were transfected as in Figure 3a , taking advantage of the plasmid expressing CBP tagged with the HA epitope to distinguish the ectopically expressed CBP from the cellular endogenous CBP. At 24 h after transfection, the ectopically expressed CBP was measured in the cytoplasmic and nuclear fractions of the cells by Western blotting with anti-HA antibody. Figure 3c confirms that high doses of the cytoplasmic Tax mutants did trap CBP in the cytoplasm.
Effect of ectopically expressed p65(RelA) on NF-kB reporter expression in the presence of various combinations of CBP, PKAc and Tax variants
The results shown in Figure 3 do not exclude the possibility that NF-kB molecules, released from their sequestering IkBs, might also be trapped in the cytoplasm by high doses of the cytoplasmic Tax mutants. To test this possibility, we transfected the reporter plasmid together with plasmids expressing p65(RelA), PKAc, CBP and the indicated Tax variants. Figure 4a demonstrates that p65(RelA) alone stimulated the reporter expression by about 25-fold of its basal level and that the combination of PKAc and CBP substantially increased this stimulation. The latter finding further indicates that the cellular pool of endogenous CBP and active PKA is limited.
Co-transfection of a low amount of either of the two cytoplasmic Tax mutants together with p65(RelA) did not affect the latter's transcriptional activity. However, this activity was progressively diminished by high doses of these mutants. The Western blot analysis of the nuclear fraction of the transfected cells, presented in Figure 4b , shows that when transfected alone, low level (3 mg of plasmid) of both cytoplasmic Tax mutants induced nuclear translocation of endogenous p65(RelA) which was slightly lower than that induced by w.t. Tax. On the other hand, high doses (9 and 18 mg) of these mutants strongly reduced this translocation. When the p65(RelA) plasmid was transfected alone, or together with low amount of the Tax mutants, the encoded p65(RelA) protein highly accumulated in the nucleus, whereas high doses of these mutants strongly reduced this accumulation.
In striking contrast, introducing w.t. Tax together with p65(RelA) highly increased the reporter expression even without increasing the cellular pool of CBP and PKAc (Figure 4a ). It should be noted, in this context, that p65(RelA) is an activator of the IkBa encoding gene (Brown et al., 1993; Sun et al., 1993) . It can, therefore, be argued that only part of the ectopically expressed p65(RelA) is active, whereas the remainder is sequestered by the elevated IkBa protein induced by p65(RelA) itself. If this were the case a substantial part of the strong enhancement of p65(RelA) activity by the w.t.
Tax could be ascribed to Tax-induced release of the sequestered portion of p65(RelA) from IkBa. However, this possibility was excluded by the results presented in Figure 4b , which demonstrate that the nuclear level of p65(RelA) protein in cells co-transfected with the p65(RelA) and w.t. Tax plasmids together did not exceed the sum of the nuclear p65(RelA) amounts detected in cells transfected with each of these plasmids alone. Therefore, it seems that even if Tax did dissociate a portion of the ectopic p65(RelA) from IkBa, this was quantitatively a minor effect. It is, thus, conceivable that the observed high stimulatory effect of Tax reflected primarily the combination of Tax activation of cellular endogenous NF-kB factors and its stimulation of the transcriptional activity of the ectopically expressed p65(RelA).
High levels of cytoplasmic Tax mutants form ternary complex with p65(RelA) and CBP in the cytoplasm Finally, it was important to elucidate whether the data in Figures 2-4 reflected a formation of a ternary complex in the cytoplasm between the Tax mutants, CBP and p65(RelA). For this purpose, cells were cotransfected with the p65(RelA) and CBP-HA plasmids together with high dose of either of the two cytoplasmic Tax mutants. A parallel transfection using high dose of Figure 5 revealed that the cytoplasmic immunoprecipitates of cells transfected with either of the two Tax mutants contained large amounts of all three components, p65(RelA), CBP and the respective Tax mutants. By contrast, a very small amount of CBP-HA could be immunoprecipitated from the nuclear fraction of these cells and the obtained precipitate did not contain p65(RelA) nor the respective Tax mutants. These results indicate that the ternary complex formed by the Tax mutants largely remained in the cytoplasm and that the small amount of the nuclear CBP-HA detected in these cells was most likely emanated from a stoichiometric excess of this protein. On the other hand, in cells transfected with w.t. Tax, CBP-HA-containing complex could be precipitated by anti-HA antibody mainly from the nuclear fraction, whereas very little remained in the cytoplasm. This indicates that the w.t. Tax-containing ternary complex translocates rapidly from the cytoplasm to the nucleus. When CBP-HA was transfected alone or together with p65(RelA), CBP-HA was found mainly in the nucleus but barely in the cytoplasm.
Discussion
A substantial part of the oncogenic potential of HTLV-1 Tax protein is attributed to its capacity to activate the transcriptional factors of the NF-kB family (Yoshida, 1994 (Yoshida, , 2001 Yamaoka et al., 1996; Inoue et al., 1998; Jeang, 2001; Azran et al., 2004) . Briefly, the current paradigm is that Tax activates the transcriptional capacity of NF-kB in two stages. First Tax acts in the cytoplasm to release the NF-kB factors from their IkB proteins and enables their translocation into the nucleus Suzuki et al., 1995; Chu et al., 1998; Harhaj and Sun, 1999; Jin et al., 1999; Iha et al., 2003; Azran et al., 2004) . Then, in the nucleus, Tax binds to the RHD of p65(Rel) and to the CBP/p300 and P/CAF Jiang et al., 1999) , thus bridging p65(Rel) with these co-activators, which are essential for its transcriptional activity (Azran et al., 2004) . Activation of NF-kB by extracellular signals also proceeds through cytoplasmic and nuclear stages. After releasing the NF-kB factors from their IkB by cascades of cytoplasmic events, the transcriptional competence of freed nuclear p65(RelA) is activated by binding of this factor to the CBP/p300 and P/CAF co-activators. This binding requires phosphorylation of p65(RelA) at specific serine residues, which is mediated by PKA and certain other signal-activated serine kinases (Zhong et al., 1998 (Zhong et al., , 2002 Wang et al., 2000; Duran et al., 2003; Catley et al., 2004) . Interestingly, in this context, our experiment illustrated in Figure 1 showed that ectopically expressed CBP markedly enhanced the stimulation of NF-kBdependent reporter by w.t. Tax. This observation suggests that the endogenous cellular CBP pool was, under the employed experimental conditions, a limiting factor that prevents Tax from manifesting its maximal capacity of activating the transcriptional competence of p65(RelA) released from IkB by the cytoplasmic Tax activity. This notion is consistent with the view that while several of the gene-activating effects of Tax result from its linking of cognate transcription factors to CBP (Kwok et al., 1996; Giebler et al., 1997; Harrod et al., 2000) , Tax suppresses the expression of certain other genes by competing with their specific transcription factors for the limiting cellular pool of CBP Van Orden et al., 1999; Ariumi et al., 2000; Mori et al., 2000; Nicot et al., 2000; Van Orden and Nyborg, 2000; Chan and La Thangue, 2001) . Another interesting conclusion derived from this experiment is that the PKA-and Tax-mediated processes of linking CBP to p65(RelA) are unaffected by each other and that if the level of nuclear CBP is sufficiently high, both can act simultaneously to link CBP at two discrete sites on the same p65(RelA) molecule and render it transcriptionally more potent. Considering the oncogenic consequences of constitutive NF-kB activation, this synergistic effect implies that exposure to agents which activate PKA or other serine kinases that facilitate p65(RelA) binding to the CBP/ p300 and P/CAF co-activators may markedly enhance the leukemogenic potential of HTLV-1 in infected carriers.
In contrast to w.t. Tax, we found that two cytoplasmic mutants of Tax, TaxD58 and TaxF-1, were incapable of activating the expression of NF-kBdependent reporter. Notably, Nicot et al. (1998) have shown that two other cytoplasmic Tax mutants, TaxDN81 and TaxDN109, whose genetic structure is closely similar to that of TaxD58, can effectively activate NF-kB-dependent gene expression. We examined these two particular Tax mutants in our experimental system and found that neither exerted any significant effect on the NF-kB-dependent reporter expression (data not shown). Since Nicot et al have performed their experiments in HeLa and CV1 cells, it is possible that the discrepant results are attributable to the different cell types used in the two studies.
Of note, however, is that at low level the cytoplasmic Tax mutants could induce the transport of the NF-kB factors into the nucleus and that the transcriptional competence of these nuclear factors could be activated by a combination of ectopically expressed PKAc and CBP. Furthermore, by releasing these factors into the nucleus the low level of the cytoplasmic Tax mutants could further enhance the NF-kB-dependent reporter activation by w.t.Tax, presumably, by increasing the amount of nuclear NF-kB factors that became available for transcriptional activation by the nuclear w.t.Tax. Strikingly, however, high levels of the cytoplasmic Tax mutants were found to block the stimulation of the NFkB-dependent reporter by w.t.Tax as well as by ectopically expressed p65(RelA) and CBP. This inhibition resulted from binding of these factors to the cytoplasmic Tax mutants, which led to entrapping a Tax-p65(RelA)-CBP ternary complex in the cytoplasm. We could detect such ternary complex in the nucleus but not in the cytoplasm of HTLV-1-infected T-cell lines such as SLB-1 and MT-2 (data not shown). Moreover, we found only traces of such ternary complex in the cytoplasm of Jurkat cells that were transfected with high doses of w.t. Tax, while it was abundantly found in their nucleus. Taken together, these observations suggest that, in contrast to the current paradigm, the ternary Tax-p65(RelA)-CBP complex is formed in the cytoplasm rather than in the nucleus. However, when such a complex is formed with w.t. Tax, the entire moiety moves rapidly into the nucleus, where it exerts a high transcriptional activity. Therefore, it is difficult to detect this complex in the cytoplasm of HTLV-1-infected cells or in cells transfected with w.t. Tax. On the other hand, by employing cytoplasmic Tax mutants, which retained the capacity to bind p65(RelA) and CBP, but block nuclear localization of the resulting complex, it was possible to demonstrate the formation of this ternary complex in the cytoplasm. This novel finding implies that if interference with assembly of this ternary complex is considered to be used as a means to block or reduce Tax oncogenicity, it is important to target the interfering agents to the cytoplasm where this assembly occurs.
Materials and methods

Cells
This study was carried out with the Jurkat human T-cell line. The cells were maintained in RPMI-1640 medium supplemented with fetal calf serum (10%), glutamine and antibiotics.
Plasmids and transient transfection assay
Reporter plasmids expressing luciferase through a minimal promoter linked to three copies of the consensus NF-kB responsive element (NF-kB-Luc) or through HTLV-1 LTR (HTLV-1 LTR-Luc) were used to measure activation of NFkB-and CREB-dependent gene expression, respectively. Plasmids, expressing HTLV-1 w.t.Tax and the cytoplasmic mutant TaxF-1 through the hCMV immediate-early promoter, were provided by Francoise Bex (Laboratorie de Microbiologie, Universite Libre de Bruxelles, B-1070, Brussels, Belgium). The plasmid expressing the truncated D58Tax protein has been described elsewhere (Gitlin et al., 1991; Torgeman et al., 2001a) . Plasmid expressing w.t. Tax The plasmid expressing the catalytic subunit of protein kinase A (PKAc) has been described previously (Turgeman and Aboud, 1998) .
Unless otherwise specified, the indicated quantities of the various plasmids were transfected by electroporation into 10 7 Jurkat cells as described previously (Mor-Vaknin et al., 1997) . The total DNA was complemented to 40 mg by adding empty plasmid. The pRL-null vector expressing renilla ((pRL-renilla), purchased from Promega Corporation, Madison, WI, USA) was included (1 mg) in each transfection mixture as an internal control for the relative transfection efficiency. The enzymatic activities were assayed in the cell extracts 24 h after transfection and the luciferase activity was normalized according to that of renilla and expressed as fold of the relevant control. To examine the effect of the different Tax variants on IkBa phosphorylation and proteosomal degradation, the transfected cells were incubated with the proteosome inhibitor MG132 (1 mM, Sigma Chemicals Israel Ltd, Holon, Israel) and 24 h after transfection their cytoplasmic fractions were subjected to Western blot analysis with antiphosphorylated IkBa antibody.
Antibodies
Mouse monoclonal antibody directed against a C-terminal epitope of the Tax was prepared from the culture medium of the respective hybridoma cells provided by the AIDS Research and Reference Reagent Program, Division of AIDS, National Institute of Allergy and Infectious Diseases. Mouse monoclonal antibody against p65(RelA), CBP, phosphor-IkBa, actin, lamin B, the HA epitope and the peroxidase-conjugated anti-mouse IgG rabbit antibody were all purchased from Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA. Rabbit and mouse anti-flag antibodies were purchased from Sigma Chemicals Israel Ltd, Holon, Israel.
Cell fractionation, immunoprecipitation and Western blot analysis
Cells were transfected with the indicated amounts of the specified plasmids by the SuperFect kit (Qiagen, Cat. No. 301305) according to the manufacturer's instructions that were scaled up by 10-fold to adjust the transfection conditions to 40 mg total plasmid DNA. After 24 h, whole-cell lysates or cytoplasmic and nuclear fractions were prepared from the transfected cells as described previously (Torgeman et al., 2001b) . For co-immunoprecipitation assay, aliquots of 200 mg protein of the indicated subcellular fractions were immunoprecipitated with the specified antibody and the immunoprecipitates were assayed by Western blotting for the indicated coprecipitating proteins with the respective antibody as described previously (Torgeman et al., 2001b) . For direct Western blot analysis, aliquots of the whole-cell lysates (50 mg protein) or of the subcellular fractions (100 mg protein) were employed, using the respective monoclonal antibody as described elsewhere (Mor-Vaknin et al., 1997) . Equal loading of the different samples was assessed by stripping the blot from the first detecting antibody and re-analysing it with anti-actin antibody for the whole-cell and cytoplasmic extracts and with anti-lamin B antibody for the nuclear extracts. Variation in transfection efficiencies was assessed by including 1 mg of the pRL-renilla plasmid in each transfection and measuring the enzymatic activity in lysates of a portion of each transfected cell population.
